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@ Composite element and reinforcement therefor. 

@ A knitted fabric (10) adapted to serve as reinforcement for a 
composite element is characterised in that the fabric (iO) has at 
least one linear region (12. 13) staictured so as to constitute a 
natural fold line in the fabric so that by folding the fabric at the or 
each of the said lines (12. 13) It can be formed into a 
configuration suitable for a composite element reinforcement 
The or each fold line can extend in tlie wale or course direction 
and can be cun^ed. 
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Description 



Composrte Element and Reinforcement Therefor 



Technical Held 

This invention relates to a composite element and 5 
to reinforcement therefor. A composite element 
comprises reinforcing material impregnated with, or 
embedded in a matrix of. synthetic resin and the 
present invention is concerned with the manufacture 
of the reinforcing material and with composite io 
elements produced using the reinforcing material so 
manufactured. 

Discussion of Prior Art 

The use of knitted fabric as reinforcement for is 
composite elements has been proposed before. The 
present invention proposes that such reinforcement 
should be formed to a desired configuration by 
folding weft or warp knitted fabric, thus enabling a 
great variety of shapes of reinforcement to be 20 
formed using very similar knitting operations on 
similar knitting machines. 

Summary of the Invention 

According to the invention, a knitted fabric to ^ 
serve as reinforcement for a composite element has 
at least one linear region structured so as to 
constitute a natiral fold line in the fabric so that by 
folding the fabric at the or each of the said fold lines 
rt can be fomied into a configuration suitable for a 30 
composite element reinforcement. 

The invention includes a reinforcement for a 
composrte element whenever fonmed from fabric as 
described above. 

The invention also consists in a composite 35 
element including reinforcement comprising a 
knitted fabric with at least one linear region which is 
structured so as to constitute a natural fold line in 
the fabric, the fabric being folded at the or each of 
the said fold lines to form it to such a configuration 40 
that rt is adapted to serve as reinforcement in the 
composite element 

A linear region in a warp or weft knitted fabric 
according to the invention may have a width equal to 
the gap between adjacent wales but may be wider. 45 
Normally a width of two or three wale spaclngs will 
be the maximum required. The wider the region the 
greater the angle of fold which will tend to occur at 
the region. In some cases rt may be advantageous 
that a fabric according to the invention has relatively so 
narrow and relatively wide fold lines so that the 
natural angle of fold will be greater at some lines 
than at others. 

Advantageously, the bulk of a weft knrtted fabric 
according to the invenffon may comprise a double 55 
jersey structure, that is a weft knitted structure in 
whfch loops are pulled to both faces of the fabric. A 
linear region constituting a fold line in the fabric may 
then comprise a region in which the balance of loops 
in the two fabric faces is broken, possibly in such a 60 
way that, in the region constituting the fold line, 
loops are pulled to one face of the fabric only. 



Brief Description of the Drawings 

The invention will be further described with 
reference to the accompanying drawings in which:- 
Figure I illustrates diagrammatically the 
knitted structure of a part of a weft knrtted 
fabric according to the invention, 

Rgure 2 is another type of diagram showing 
the whole of a cross-section through the fabric 
of Figure!, 

Figure 3 is a diagrammatic cross-section 
illustrating a reinforcement fomned by folding 
the fabric of Rgures I and 2. 

Rgures 4 to 9 are diagrammatic cross-sec- 
tions illustrating further reinforcements formed 
by folding other fabrics according to the 
invention, 

Rgure IO is a lapping diagram for a warp 
knitted fabric according to the invention. 

Rgure II a schematic cross-section through a 
fabric knitted in accordance with the lapping 
movements shown In Rgure IO, and 

Rgurel2 is a diagramatic illustration of the 
fabric of Figure II when folded. 

Description of Prefen-ed Embodiments 

The fabric illustrated In Rgures I to 3 may be 
knitted on a weft knitting machine which has two 
opposed arrays of knitting needles and is thus 
capable of knitting double Jersey structures, for 
example a flat V-bed knrtting machine, a double 
jercey circular knitting machine or a fulty-feshioned 
knitting machine wrth two opposed arrays of need- 
les. 

A double jersey structure for a weft knitted fabric 
according to the invention must be such that a linear 
region can be formed in rt to produce a fold line in 
tite fabric. Double jersey structures such as I x I rib 
and 2 X 2 rib constitute such structures. Mllano and 
half-mBano structures may be useful, in some 
circumstances at least 

Rgure I illustrates diagrammatically a cross-sec- 
tion through the loop structure of a weft knrtted 
fabric 10 according to the invention. The bulk of the 
fabric Is formed in a double jersey structure, I x I rib. 
which can be seen in regions II of the fabric. In 
spaced linear regions 12 and 13 of the fabric fold lines 
are formed by adapting the knitted structure so that, 
in each of these linear regions 12 and 13. the balance 
of the rib structure is broken and loops are pulled, in 
the linear region, to one face of the fabric only. The 
two anays of needles of a flat V-bed knrtting machine 
are indicated In Figure I by the two rows of points 14 
and 15. Over the major part of the fabric 10 in Rgure I, 
knitted loops 16 are pulled artemately to the front 
face 17 and to the back face 18 of the fabric, that Is 
loops 16 are formed alternately on needles 14 of the 
front needle bed of the machine and on needles 15 of 
,the back needle bed of the machine. In the two linear 
regions 13 of the fabric Jd shown in Figure I, however, 
the balance of the fabric is broken and a needle 14 on 
the front bed is left devoid of knrtted loops so that in 
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each knitted course two adjacent loops are pulled to 
the back face of the fabric. Thus, in the linear'^regfons 

nnl T^'!' P""^" *° ^^""^ ^^"^ Of the flbric 
only the balance of loops in the front and rear faces 
of he fabric in the regions 13 may. however be 
broken by using other unbalanced stitch structures 
instead of a complete change from double jersey to 
single jersey fabric. 

Each region 13 may be regarded as having a width 
equal to the gap 21 between a pair of adjacent wales 
in the fabric 10 (which is of course the same as the 
gap between adjacent loops 16) but it might also be 
considered to have a width equal to one loop 16 since 
rt IS created by omission of one such loop from the 
front face 17 of the fabric in each course of the fabric 

In each of the two linear regions 12 constituting a 
fold line shown in Figure I. the balance of the rib 

B of the back needle bed free of knitted loops so 
that in each region 12 three adjacent loops 16 of each 
course of knitting are pulled to the front face 17 of the 
fabnc. Each linear region 12 may be regarded as 
having a width equal to two wale spacings and one 

ip°acing°' *° •^'"'^ ^ 

In the fabric 10 shown In Figure I. the spacing of 
Imear regions 12 and 13 is not constant and tiS 
reason for this will be explained with reference to 
Figures 2 and 3. The fold lines at the linear regions 13 

fhl^f ?iri?,r ' ^ "aturalangle of fold of 
2^SnH;r/M*?''°"'*'^"*°''^"PP°rt.thef^^^^ 
mm tend to foldat an angle of 90p along the regions 
13. At the wider regions 12, the fabric tends to fold at 
an angle of 180^. Thus, the fabric of Figure 
eiTibodies. at spacings of long and short intervals 
linear regions at which it tends to fold at 92f and 
linear regions at which it tends to fold at I80o This 

SiTS "'"^^^^^ "^'9"^^ 2 Where thTwSr 
fold regions 12 are shown containing two empty 
needles 15 and the narrower fold regions 13 are 
shown containing one empty needle 14. Figure 2 
shows a complete diagrammatic cross-section of a 
pjeoe Of fabric B Whereas Figure I shows only a part 
of tiie piece of fabric. The numbers of loops shown in 
vanous regions of the fabric 10 in Figure I are entire^ 
CnT u '=°'^«sP°nd to the numbers of 

toops which would be found in an actual fabric 
However the spacing of the linear regions 12 and 13 
<n the fabnc is such that the fabric is divided in the 
SToTZ^"^'"^ ''^'3"'^ 2) into regioSs 

IT^L^' '^9'°"^ 26,27.28 and 29 which 

will then be designated as having a width x. Further 

SrlcreTth:?' ""''^^"'='"9 '^- ^^^<^ 
structure in the linear regions 12 and 13 determines 

the direction in which the fabric K> will tend to f oS at 

the linear region concerned. If loops are omitted 

from the structure in the back face 18 of the fabric 

he foW Will take place about a line in that facejS 

IS inPgure 2. the fabric region 22 will tend to foS 

oUh^fah?'°"^' "^o ""'^^"^ "PPer{back) face 1i 
of the fabnc region 26 (which it will overiap) The 

^Z, 'T" ^ °" ^"^^ tend to foW 

arti^lockw^e in Figure 2 to extend downwards £ 
the Figure at nght angles to the fabric region 23 



Thus, the piece of fabric 10 shown in Figure 2 is 
easily formed, by allowing it to fold naturaHy at the 
Jnear regions 12 and 13. into the fabric reinforcement 
having an l-shaped cross-section shown in Rgure ? 
5 After impregnation of the reinforcement of Figure 3 
w|th a synthetic resin followed by curing, a cSmpc^ 

In the fabric K) of Figures I. 2 and 3. the linear 
10 regions 12 and 13 are straight and extend in the w?e 
direction of the fabric. Curved linear regions conj^ 
tuting fold lines may be formed in the firfc bv 
altenng the stitch structure as the knitting pro- 

rs the fabnc. where, in the present case, loops lie 
pulled to one face of the fabric ol^lhml 
pj-ogressn,e!y across the fabric. Provided thatlhll 
shift IS not too pronounced so that a reasonaht! 
^ r 'Tl^ ""P^rt«<^ ♦<> the fold line ?he fabrictS 

SSi? ^"'f' ^ knitted struSs 

sufficiently loose to allow it. '"'-lure is 

Fold lines extending In the course direction of the 

no to "'^^ ^ reinforcement accoS 

w ^ structure (which is, of course 
fitted on needles of both needle array;), a So 
maciimes must be used in which loops STte 

SS'^fol'"''" "^"'^ oppo^ed^edte 
3o ^ o°"^se-wIse fokJ line all loops are 

30 transferred from one needle array to the other id 
one more courses are knitted on the s^jJoS 

basic fabnc stmcture. if necessary trarKferrina 
of ^ to 9 illustrate in cross-section a number 

^ i« ^'^"^^ ^ '^^ reinforcement which is cross-shaped 

Zh uT^'^^V'"^^ fro"' ^ f^l^ri^ having se?en 
fold Imes spaced at equal intervals in the fabric and 
a« having a knitted structure such that if the fabric is 
Sfnf "? ^^ofdance with its natural tendency the 
shape shown is produced 

nirl?'?I°!;'^^'"^"* ^^"9 cross-section of a box 

n Figure 5. The reinforcement of Rgure 6 has a 
U-shaped cross-section and that of Figure 7 a 
cross-section in the form of an -inverted T 
,h^!^'^^ ^ ^ reinforcements having, as 
fJfT' * configuration which rnight 

^ ^'^'"^"ts or supporte 

ments for shpet material. 
S5 A warp knitted fabric according to the invention is 

tw n needle bar Raschell warp knitting machine 
S K H?"".f ^'^^ be desig'nateS U to 

Sttem" '^"'^^^^ following 

' .^U: Thread 12, miss I. thread 12, miss I. thread 

L2: Thread 25, miss i. thread 12 
L3: Thread 12, miss I, thread 12. miss I. thread 
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L4: Thread !2, miss I, thread 25 

L5: Thread 12. miss I, thread 12, miss I, thread 

IZ 

!n the lapping diagram of Figure 10, alternate 
horizontal rows of points indicate knitting operations 
on the front and back beds alternately. The guide bar 
L2 supplies yarn exclusively to the front needle bed 
of the machine to form the face fabric 35 (Figure II) 
and It will be seen that since one eylet of the guide 
bar 12 is unthreaded ("miss" in the threading set-out) 
a gap 36 is left in this fabric. Similarly, the guide bar 
L3 supplies yam exclusively to the rear needle bed to 
form the face fabric 37 with a gap 38 left in it. The 
guide bar L3 supplies yams 39 laid to extend 
longitudinally between the face fabrics 35 and 37 to 
provide longitudinal strength in the fabric. The guide 
bars LI and L5 each supply yams alternately to the 
front and back needle beds providing connecting 
yams 40 between the face fabrics 35 and 37 shown 
only diagrammatically in Rgure n. The total fabric 41 is 
thus made up of the face fabrics 35 and 37 and the 
interconnecting yams 40 together with the streng- 
thening yarns 39. Because of the gaps 36 and 38 in 
the face fabrics 35 and 37, the fabric folds naturally at 
the linear regions constituted by these gaps which 
thus constitute natural fold lines In the fabric. 
Because the gaps 36 and 38 are formed in opposite 
face fabrics, the fabric 41 will tend to fold In opposite 
directions at the two gaps in the manner shown in 
Figure 12 where it is seen that the fabric folds in each 
case around the gap, that is the gap is on the inside 
of the bend formed at the fold. 

The natural angle of the fold will depend on the 
nature and thickness (decltex) of the yam used and 
on the modulus of the yam used, that is for the same 
geometric configuration of loops in the fabric and 
yam in the loops, the angle of fold will be 
proportional to the modulus. Further, it will be 
dependent on the number of needle spacings 
encompassed, that is on the number of knitted loops 
con-esponding to the gap width. The greater the 
number of thread ends omitted at a gap the greater 
the natural angle of fold will be. Normally up to three 
thread ends omitted (empty needles) at the gap will 
be sufficient to achieve at 180** fold. 

It will be seen that by adjusting the threading of 
the guide bars the dimensions of the fabric parts can 
be adjusted as well as 1he direction and angle of 
folding and numerous reinforcements can be made, 
for ^cample reinforcements as Illustrated in 
Rgures 3 to 9. 

If strength requirements In the final product 
require it. each of the shaped reinforcements 
Illustrated can include a plurality of layers of folded 
fabric. Two such layers are in tact shown in Rgure 5 
and two (or more) layers can be employed for the 
shapes shown in Figures 3, 4. 6-9 and 12. The box 
girder reinforcement of Rgure 6 can be continued in 
spiral fashion to provide more than two layers in the 
final reinforcement produced. 

Any of the conventionally available filamentary 
materials including glass, carbon, graphite, boron, 
silicon carbide and high performance aromatic 
polymers (such as the material known under the 



Trade Mark "Keviar") can be used for knitting the 
reinforcements descril>ed herein. 



Claims 

1. A knitted fabric (10,41) adapted to serve as 
reinforcement for a composite element, charac- 

10 tensed in that the fabric (10,41) has at least one 

linear region (12,13.36,38) structured so as to 
constitute a natural fold line in the fabric so that 
by folding the fabric at the or each of the said 
lines (I2J3.36.38) it can be formed into a 

15 configuration suitable for a composite element 

reinforcement. 

2. A knitted fabric as claimed In claim I 
comprising at least two fold lines having widths 
corresponding to different numbers of knitted 

20 loops. 

3. A knitted fabric as claimed in claim I or 2, 
wherein the said fold line or lines extend in the 
wale direction. 

4. A knitted fabric as claimed in claim I or 2, 
25 wherein the said fold line or lines extend In the 

course direction. 

5. A knitted fabric as claimed in claim I or 2, 
wherein the said fold-line or at least one of the 
said fold lines is curved. 

30 6. A knitted ^ric as claimed in any one of 

claims I to 5, wherein the said fabric has a weft 
knitted double jersey structure and a linear 
region (12,13) constituting a fold line comprises a 
region in whk:h the balance of loops in the two 

35 fabric faces of the double jersey fabric Is 

broken. 

7. A knitted fabric is claimed In claim 6, 
wherein in the said region the balance of loops 
is broken in that loops are pulled to one face of 

40 the fabric only. 

* 8. A reinforcement for a composite element 
characterised in that It comprises a fabric as 
claimed in any one of the preceding ctcums. 
9. A composite element including reinforce- 

45 ment comprising a knitted fabric (10.41) charac- 

terised In that the knitted fabric (10,41) has at 
least one linear region (12,12,36,38) structured 
so as to constitute a natural fold line In the 
fabric, the fabric being folded at the or each of 

50 the said fold lines to form rt to such a 

configuration that it is adapted to serve as 
reinforcement in the composite element. 

10. A composite element as claimed in claim 9, 
wherein the said fold line or lines in the knitted 

55 fabric extend in the wale direction. 

11. A composite element as claimed in claim 9, 
wherein the said fold line or lines in the knitted 
fabric extend in the course direction. 

12. A composite element as claimed in claim 9. 
60 wherein the said foki-line or at least one of the 

said fold lines in the knitted fabric is curved. 
^ 13. A composite element as claimed in any one 
of claims 9 to 12. wherein the said knitted fabric 
has a weft knitted double jersey structure and a 
65 linear region (12.13) constituting a fold line 
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comprises a region in whicii tlie balance of 
loops in the two fabric faces of the double 
jersey fabric is broken. 

14. A composite element as claimed In claim 13, 
wherein in the said region the balance of loops i 
Is broken in that loops are pulled to one face of 

the fabric only. 

15. A reinforcement for a composite element, 
characterised in that It comprises a fabric as 
clariTied in claim I, folded to a configuration io 
having a cross-shaped cross-section. 

16. A reinforcement for a composite element 
characterised in that it comprises a fabric as 
claimed in claim I folded to a configuration 
having a rectangular cross-section. fs 

17. A reinforcement for a composite element 
characterised in that it comprises a fabric as 
claimed in claim I folded to a configuration 
having a U-shaped, cross-section. 

18- A reinforcement for a composite element 20 
characterised in that it comprises a fabric as 
claimed in claim I folded to a configuration 
having an hshaped cross-section. 

19. A reinforcement for a composite element 
characterised in that it comprises a fabric as ^ 
claimed in claim I folded to a configuration 
having a T-shaped cross-section. 

20. A reinforcement for a composite element 
characterised in that it comprises a fabric as 
claimed in claim 1 folded to a configuration 3o 
having a con-ugated cross-section. 
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Fig. 8. 
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